Introduction
============

Chronic obstructive pulmonary disease (COPD) is a chronic degenerative disease representing a significant component of the morbidity--mortality of a population. It has been estimated that COPD will be the third main cause of death in the world in 2030, with a 30% increase in deaths being projected for in the next 10 years unless measures are taken to reduce risk factors, increase case detection, and refine treatment.[@b1-copd-9-1155]

Although COPD is a highly prevalent disease, it is underestimated and underdiag-nosed the world over.[@b2-copd-9-1155] Individuals with COPD who were not diagnosed by a doctor are considered to be undiagnosed. The diagnosis of COPD should be considered for any individual with cough, expectoration, wheezing, dyspnea, and/or a history of exposure to risk factors, and should be confirmed by spirometry.[@b3-copd-9-1155]

The use of spirometry is essential for an early and rigorous diagnosis of COPD, reducing underdiagnosis, and permitting affected people to learn about the disease and its risk factors and symptoms.[@b3-copd-9-1155]

The objective of the present study was to determine the frequency of, and the factors associated with undiagnosed COPD in a senior community center (SCC).

Methods
=======

Subjects and protocol
---------------------

An observational, analytical, cross-sectional study was conducted at a SCC that provides care for 600 users aged at least 50 years. The SCC is located in the city of Uberaba, Minas Gerais, Brazil, with an estimated population of 300,000 inhabitants. The study was approved by the Research Ethics Committee and all subjects gave written informed consent to participate. This committee fully obeys the norms of the International Conference on Harmonization Good Clinical Practice Guidelines, as well as Resolution number 196/96 of CNS/MS-Brazil.

The study was conducted on a convenience sample of 335 SCC users. Six hundred subjects used to attend the community center; the first 335 people of a list of users were enrolled. Data were collected from February 2012 to October 2012 on the premises of the SSC by a single investigator. After the subjects gave written informed consent, the following questionnaires and procedures were applied in the order indicated: screening card for demographic and health status data, anthropometric evaluation, questionnaire about risk factors and symptoms of COPD, spirometry, and a questionnaire for socioeconomic data.

For questions about symptoms and risk factors (tobacco and wood stove exposure), we have used questions from the European Community Respiratory Health Survey (ECRHS) questionnaire, translated into Portuguese, adapted to the Brazilian lexicon, and validated.[@b4-copd-9-1155] We also asked: "Have you ever been told by a doctor that you have COPD, emphysema, or chronic bronchitis?".

We used the questions in the ECRHS questionnaire to explore smoking behavior. We asked whether the participants smoked at least one cigarette per day over the period of 1 year. If yes, we asked how many cigarettes he or she smoked per day and for how long. We also asked if the subject ceased to smoke and the date when the subject ceased. To be classified as a smoker, he or she needed to answer that they had smoked for at least 10 years. We considered subjects who had quit smoking at least 1 year earlier to be ex-smokers.

The Brazilian Economic Classification Criteria were used to determine the economic status of participants. This questionnaire was applied and yielded a score that determined the economic status of each individual according to the following categories (from higher to lower income): A~1~, A~2~, B~1~, B~2~, C, D, and E.[@b5-copd-9-1155]

The inclusion criteria were: being a user of the SCC and being at least 50 years old. Noninclusion criteria were: having no cognitive ability to agree with, or to participate in the study. After the evaluation of eligibility, a sample of 335 users was obtained. The criteria for the diagnosis of presumptive COPD were: spirometry compatible with COPD, ie, the ratio of 1-second forced expiratory volume to forced vital capacity (FEV~1~/FVC) below lower limit of normal; having been exposed to tobacco smoking and/or firewood burning, and denying to have asthma when specifically asked about this diagnosis. Patients were considered to have a previous diagnosis of COPD when they had criteria for presumptive COPD and when they responded that they had a medical diagnosis of COPD, emphysema, or chronic bronchitis.

Spirometry
----------

Spirometry was applied at the SCC, always by the same investigator using a pneumotachograph coupled to a computer equipped with a specific program for the analysis of pulmonary function (v4.14.9; Koko -- PFT System Windows). Maneuvers and efforts followed the American Thoracic Society and European Respiratory Society recommendations.[@b6-copd-9-1155] FVC, FEV~1~, and their ratio (FEV~1~/FVC) were determined. The participants performed the tests in a seated position, using disposable mouthpieces and nose clips. Predicted values were calculated from reference equations for the Brazilian population.[@b7-copd-9-1155] Reversibility test was not performed and patients' habitual medication were not discontinued for spirometry.

Statistical analysis
--------------------

Statistical analysis was performed using the Data Analysis and Statistical Software (STATA; v10.0; StataCorp LP, College Station, TX, USA) based on a databank elaborated with the Excel program (v14.0; Microsoft Corporation, Redmond, WA, USA). The data were typed by two persons with a double entry for later verification of the existence of duplicate records and for the detection of inconsistencies between the two databases. The consistency of the fields was then determined and typing errors were corrected. Inconsistent data were checked in the records of the original interview.

Simple and multiple logistic regression were used for the dependent and independent categorical variables, association was determined by the odds ratio (OR) and its 95% confidence intervals, and the values are reported as the number of events and proportion. Data are reported as mean ± standard deviation and the unpaired two-tailed Student's *t*-test was used for comparison of the continuous variables between groups. The level of significance was set at 0.05 in all analyses.

Results
=======

Seventy-one individuals with presumptive COPD were detected in this sample. They were divided into two groups, ie, a group with no previous medical diagnosis of COPD (80%, n=57) and a group with a previous diagnosis of the disease (20%, n=14). The group without a previous diagnosis of COPD consisted of 63% males (n=36) and 37% (n=21) females; the groups with a previous diagnosis consisted of 43% males (n=6) and 57% females (n=8) (*P*=0.119).

Analysis of the socioeconomic and anthropometric variables and of the risk factors for COPD showed no difference between presumptive COPD patients with no previous diagnosis and COPD patients with a previous diagnosis. In the group with no previous diagnosis, mean (± SD) age was 72±8.1 years and body mass index (BMI) was 27.2±4.6 kg/m^2^. There was a predominance of males (63%), completed elementary schooling (86%), economic classification below B~2~ (74%), and living with accompanying persons (65%). Regarding the risk factors studied, there was a 65% prevalence of smoking habit and a 96% prevalence of exposure to firewood burning. In the group with a previous diagnosis of COPD, the mean age was 69±8.5 years, BMI was 25.7±5.0 kg/m^2^, and there was a predominance of females (57%), completed elementary schooling (71%), economic classification below B~2~ (64%), and living with accompanying persons (57%). There was a 79% prevalence of smoking habit and a 100% prevalence of exposure to firewood burning. Analysis of the continuous variables age and BMI did not reveal significant differences (*P*\>0.05) and analysis of the categorical variables did not show association (*P*\>0.05) between the independent ones (sex, age, schooling, economic classification, residence, smoker/ex-smoker) and the dependent variable (previous diagnosis of COPD; [Table 1](#t1-copd-9-1155){ref-type="table"}).

Regarding the respiratory symptoms, the group with a previous diagnosis of COPD showed greater occurrence of cough with expectoration and wheezing but did not differ from the other group regarding dyspnea. Simple logistic regression analysis revealed an association (*P*=0.011) with the wheezing symptom ([Table 2](#t2-copd-9-1155){ref-type="table"}).

Milder reductions in FEV~1~ were more frequent than FEV~1~ \<50% in the group with no previous diagnosis of COPD, while moderate FEV~1~ reduction (50%≤ FEV~1~ \<80%) predominated in patients with a previous diagnosis. Simple logistic regression analysis revealed an association (*P*=0.031) between FEV~1~ \<50% and the report of a previous diagnosis. The spirometric variables showed lower values in the group with a previous diagnosis. The unpaired two-tailed Student's *t*-test revealed a significant difference (*P*\<0.01) in FEV~1~ and the FEV~1~/FVC ratio between groups ([Table 3](#t3-copd-9-1155){ref-type="table"}).

Discussion
==========

The present study showed a prevalence of presumptive COPD of approximately 25% among individuals aged 50 years or older frequenting a SCC. Of these patients, 80% reported that they had no previous medical diagnosis of the disease. Comparison of patients with a previous diagnosis of COPD to patients without a previous diagnosis revealed an association between a previous diagnosis and greater disease severity detected on the basis of worse spirometry results (FEV~1~ and FEV~1~/FVC). In addition, there was an association between a previous diagnosis and a history of wheezing.

The lack of a diagnosis, and consequently of treatment of COPD may play an important role in the increased morbidity and mortality due to this disease. A correct diagnosis during the early phase of the disease would permit intervention in the risk factors, especially smoking, thus preventing additional deterioration of airway obstruction and would also have positive results in economic terms regarding disease management.[@b8-copd-9-1155] A late diagnosis made when the patients have reached a more severe pattern of airflow obstruction, with more marked and frequently exacerbated respiratory symptoms results in more onerous treatments for the health system and greater repercussions on the health status and functional capacity of affected individuals.[@b9-copd-9-1155]

In view of the high prevalence of COPD, of the costs and suffering imposed by the disease on affected individuals and on society, it is necessary to reduce the proportion of undiagnosed cases, a task that needs to be accomplished by the health system. On the other hand, screening for COPD by spirometry is not recommended for asymptomatic individuals. These directives are based on the fact that hundreds of asymptomatic cases must be evaluated in order to avoid only a single exacerbation.[@b10-copd-9-1155]--[@b12-copd-9-1155] Even so, the above authors and others[@b13-copd-9-1155]--[@b15-copd-9-1155] recommend spirometry screening of specific groups, including groups of symptomatic individuals. In the present study, 77% of the cases were symptomatic. Thus, this sample is a specific group to be addressed for detection of COPD cases and for individual evaluation before physical activity in the SCC. In a recent review article, Csikesz and Gartman argued in favor of early COPD diagnosis. In the future, strategies for early detection will be associated with more therapeutic options to improve long-term survival.[@b16-copd-9-1155]

In the present study, the degree of obstruction and the symptoms were greater in COPD patients with a previous diagnosis, a fact suggesting that the disease was diagnosed in its more advanced phase. The most severe degrees of obstruction were significantly more prevalent in the group with a previous medical diagnosis. These results indicate that more frequent diagnosis in more severe cases is probably due to more intense symptoms that generate the need for care or that are more easily noted by the patient's relatives. Other studies carried out in other countries with objectives similar to ours also showed that more severe COPD patients are more likely to receive a diagnosis than patients with milder COPD.[@b2-copd-9-1155],[@b9-copd-9-1155]

The presence of wheezing was also associated with a greater proportion of a previous diagnosis. A possible explanation of this fact could be that wheezing is a more objective symptom than dyspnea or cough and that it can be perceived by third parties. It is not an expected symptom, whereas cough is considered to be habitual, chronically accepted, and typical of persons who smoke. Thus, the onset of wheezing more frequently induces the patients to seek medical care.

Taken together, our results permit us to infer that patients with more severe COPD as determined by both spirometry and symptoms are those who seek medical care and therefore are more aware of their disease. Patients with less severe disease tend to receive no medical diagnosis even when they frequent a unit belonging to the public health system. The implementation of spirometry in this scenario has the potential of reversing this situation of absence of diagnosis.

A recent study conducted in five countries in Latin America (Proyecto Latinoamericano de Investigación en Obstrucción Pulmonar) (The PLATINO Project) showed that 89% of the participants had not been previously diagnosed as COPD patients.[@b17-copd-9-1155] A similar study in US showed that 75% of the participants had not been previously diagnosed.[@b9-copd-9-1155] This study was conducted in a developed country, indicating that the socioeconomic question is not the only determinant of lack of diagnosis. The socioeconomic evaluation performed by us was based on schooling level, which was low for both presumptive COPD patients without a previous diagnosis and for patients with a diagnosis of COPD, supporting the concept that there is no association between lack of diagnosis and socioeconomic level.

Our expectation for a population using a SCC with a majority of members who practice physical activity was that the prevalence of COPD would be low and that the prevalence of smoking would also be reduced since these are people who looked for prevention and for health care. However, there was a high prevalence of COPD, smoking, and lack of COPD diagnosis, a fact indicating the valuable potential of these centers for the detection of COPD and the risks involved in the condition. Thus, the present study is peculiar and original regarding this characteristic.

The age variable has been considered to be a risk factor for COPD.[@b1-copd-9-1155] Some studies have shown an increased prevalence of COPD in parallel with increasing age.[@b18-copd-9-1155],[@b19-copd-9-1155] When we grouped COPD patients according to the presence of a previous medical diagnosis, we noted that there was no significant difference in age. When we stratified the patients by age, the prevalence of undiagnosed COPD also did not differ between age ranges.

Studies published in different parts of the world have shown a higher prevalence of undiagnosed COPD among women, as well as a tendency to diagnose men more frequently on the part of the medical community.[@b20-copd-9-1155],[@b21-copd-9-1155] The present study did not confirm this theory since there was no significant association between sex and diagnosis.

Smoking is the main risk factor for COPD. A Danish study that followed up 8,045 individuals over a period of 25 years estimated that 25% of smokers developed COPD during this period.[@b22-copd-9-1155] The present study showed a 68% prevalence of exposure to smoking among COPD patients, with 65% being undiagnosed and 79% diagnosed, with no association with this factor. Another risk factor studied was exposure to firewood burning. Uberaba, Minas Gerais, is a developing city that has attracted persons who were born and lived in the rural zone during adolescence and even during part of adult life, and thus had been exposed to or using wood-burning stoves in poorly ventilated spaces. Exposure to firewood burning was found in 96% of presumptive COPD patients and in 100% of diagnosed patients. Exposure to firewood burning was more prevalent than smoking among women and men, an important result regarding collective actions for the prevention of the disease.[@b23-copd-9-1155]

Among the limitations of the present study is the fact that the diagnosis of COPD can vary according to the criteria adopted. By using spirometry and questionnaires, we may obtain different results compared to those obtained with medical visits and other exams such as measurement of lung diffusion, imaging exams, and measurements of pulmonary inflammation. Although some guidelines have proposed a COPD definition independent of post-bronchodilator spirometry,[@b24-copd-9-1155],[@b25-copd-9-1155] most recent guidelines have defended the use of post-bronchodilator FEV~1~.[@b1-copd-9-1155] Other limitations we should mention are the lack of a more precise asthma diagnosis, lack of reversibility test, possible interference of habitual medication on spirometry data, asthma--COPD overlap, and the fact that this SCC is not strictly for senior people.

In conclusion, the present results show a high prevalence of undiagnosed presumptive COPD and of a previous diagnosis associated with greater disease severity. The use of spirometry in SCC may be a simple and useful strategy for increasing the number of COPD diagnoses. As a result, effective measures could be implanted for the treatment and control of the disease, reducing the impact of advanced COPD and improving the quality of life of the patients and their relatives.

We wish to thank the City of Uberaba and the staff of the senior community center, as well as Miss Elizabet Sobrani for help with the preparation of field work.

**Financial support**

Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (Coordination for the Improvement of Higher Education Personnel), Fundação de Amparo à Pesquisa do Estado de São Paulo (São Paulo Research Foundation), Fundação de Apoio ao Ensino e Pesquisa de Ribeirão Preto (Ribeirão Preto Research and Medical Teaching Foundation), (Núcleo de Apoio à Pesquisa em Doenças Inflamatórias \[Group for Research in Inflammatory Diseases\] \[NAPDIN\] under grant agreement no 11.1.21625.01.0).

**Disclosure**

The authors report no conflicts of interest in this work.

###### 

Characteristics of subjects with and without a previous diagnosis of COPD

  Variable -- n (%)                                          Without a previous diagnosis   With a previous diagnosis   OR (95% CI)                                    *P*-value
  ---------------------------------------------------------- ------------------------------ --------------------------- ---------------------------------------------- --------------------------------------------------
  **Presumptive COPD patients**                                                                                                                                        
  Total                                                      57 (80%)                       14 (20%)                                                                   
  Sex                                                                                                                                                                  
   Female                                                    21 (37%)                       8 (57%)                     Ref                                            
   Male                                                      36 (63%)                       6 (43%)                     0.437 (0.133--1.434)                           0.172[a](#tfn1-copd-9-1155){ref-type="table-fn"}
  Age -- years[c](#tfn3-copd-9-1155){ref-type="table-fn"}    72; SD =8.09                   69; SD =8.52                                                               0.348[b](#tfn2-copd-9-1155){ref-type="table-fn"}
  Age range                                                                                                                                                            
   50--64 years                                              12 (21%)                       4 (29%)                     1.333 (0.244--7.279)                           0.740[a](#tfn1-copd-9-1155){ref-type="table-fn"}
   65--79 years                                              33 (58%)                       7 (50%)                     Ref                                            
   ≥80 years                                                 12 (21%)                       3 (21%)                     0.750 (0.137--4.094)                           0.740[a](#tfn1-copd-9-1155){ref-type="table-fn"}
  BMI (kg/m^2^)[c](#tfn3-copd-9-1155){ref-type="table-fn"}   27.22; SD =4.65                25.68; SD =5.02                                                            0.280[b](#tfn2-copd-9-1155){ref-type="table-fn"}
  Schooling                                                                                                                                                            
   Complete elementary school                                49 (86%)                       10 (71%)                    Ref                                            
   Beyond elementary school                                  8 (14%)                        4 (29%)                     2.450 (0.616--9.733)                           0.203[a](#tfn1-copd-9-1155){ref-type="table-fn"}
  Economic classification                                                                                                                                              
   Below B~2~                                                42 (74%)                       9 (64%)                     Ref                                            
   ≥B~2~                                                     15 (26%)                       5 (36%)                     1.555 (0.449--5.386)                           0.484[a](#tfn1-copd-9-1155){ref-type="table-fn"}
  Residence                                                                                                                                                            
   Without an accompanying person                            20 (35%)                       6 (43%)                     Ref                                            
   With an accompanying person                               37 (65%)                       8 (57%)                     0.720 (0.219--2.369)                           0.590[a](#tfn1-copd-9-1155){ref-type="table-fn"}
  Smoker/ex-smoker                                                                                                                                                     
   No                                                        20 (35%)                       3 (21%)                     Ref                                            
   Yes                                                       37 (65%)                       11 (79%)                    1.981 (0.494--7.938)                           0.181[a](#tfn1-copd-9-1155){ref-type="table-fn"}
  Exposure to firewood burning                                                                                                                                         
   No                                                        2 (4%)                         0 (0)                                                                      
   Yes                                                       55 (96%)                       14 (100%)                   [\*](#tfn4-copd-9-1155){ref-type="table-fn"}   [\*](#tfn4-copd-9-1155){ref-type="table-fn"}

**Notes:**

Multiple Logistic Regression

Student's *t*-test

data are reported as mean ± SD

insufficient information (cell =0). The Brazilian Economic Classification Criteria yields scores that determine the economic status of each individual (from higher to lower income): A~1~, A~2~, B~1~, B~2~, C, D, and E.

**Abbreviations:** BMI, Body Mass Index; CI, confidence interval; COPD, chronic obstructive pulmonary disease; OR, odds ratio; Ref, reference category; SD, standard deviation.

###### 

Symptoms of subjects with and without a previous diagnosis of COPD

  Variable -- n (%)                                                     Without a previous diagnosis   With a previous diagnosis   OR (95% CI)[a](#tfn6-copd-9-1155){ref-type="table-fn"}   *P*-value
  --------------------------------------------------------------------- ------------------------------ --------------------------- -------------------------------------------------------- ----------------------------------------------
  **Presumptive COPD patients**                                                                                                                                                             
  Cough with expectoration[b](#tfn8-copd-9-1155){ref-type="table-fn"}                                                                                                                       
   No                                                                   27 (47%)                       6 (43%)                     Ref                                                      
   Yes                                                                  30 (53%)                       8 (57%)                     1.2 (0.3--3.9)                                           0.716
  Wheezing[b](#tfn8-copd-9-1155){ref-type="table-fn"}                                                                                                                                       
   No                                                                   35 (61%)                       3 (21%)                     Ref                                                      
   Yes                                                                  22 (39%)                       11 (79%)                    5.8 (1.4--23.2)                                          0.012
  Dyspnea[b](#tfn8-copd-9-1155){ref-type="table-fn"}                                                                                                                                        
   No                                                                   36 (63%)                       7 (50%)                     Ref                                                      
   Yes                                                                  21 (37%)                       7 (50%)                     1.7 (0.5--5.5)                                           0.345
  Any of the symptoms[b](#tfn8-copd-9-1155){ref-type="table-fn"}                                                                                                                            
   No                                                                   16 (28%)                       0 (0)                                                                                
   Yes                                                                  41 (72%)                       14 (100%)                   [\*](#tfn7-copd-9-1155){ref-type="table-fn"}             [\*](#tfn7-copd-9-1155){ref-type="table-fn"}

**Notes:**

Simple logistic regression

insufficient information (cell =0).

Values are reported as n (%).

**Abbreviations:** CI, confidence interval; COPD, chronic obstructive pulmonary disease; OR, odds ratio; Ref, reference category; SD, standard deviation.

###### 

Comparison of spirometry values between subjects with and without a previous diagnosis of COPD

  Variable -- n (%)                                             Without a previous diagnosis   With a previous diagnosis   OR (95% CI)          *P*-value
  ------------------------------------------------------------- ------------------------------ --------------------------- -------------------- ----------------------------------------------------
  **Presumptive COPD patients**                                                                                                                 
  FEV~1~ category[a](#tfn10-copd-9-1155){ref-type="table-fn"}                                                                                   
   ≥80% of predicted FEV~1~                                     27 (47%)                       3 (21%)                     0.460 (0.11--1.96)   0.274[c](#tfn12-copd-9-1155){ref-type="table-fn"}
   50%≤ FEV~1~, \<80%                                           28 (49%)                       7 (50%)                     Ref                  
   FEV~1~ \<50%                                                 2 (4%)                         4 (29%)                     8.00 (1.21--88.85)   0.031[c](#tfn12-copd-9-1155){ref-type="table-fn"}
  FEV~1~%[b](#tfn11-copd-9-1155){ref-type="table-fn"}           78.80; SD =16.85               62.64; SD =22.91                                 \<0.01[d](#tfn13-copd-9-1155){ref-type="table-fn"}
  FVC%[b](#tfn11-copd-9-1155){ref-type="table-fn"}              94.31; SD =17.50               89.78; SD =19.76                                 0.400[d](#tfn13-copd-9-1155){ref-type="table-fn"}
  FEV~1~/FVC[b](#tfn11-copd-9-1155){ref-type="table-fn"}        0.64; SD =0.05                 0.54; SD =0.15                                   \<0.01[d](#tfn13-copd-9-1155){ref-type="table-fn"}

**Notes:**

Values are reported as n (%)

values are reported as mean ± SD

simple logistic regression

Student's *t*-test.

**Abbreviations:** OR, odds ratio; CI, confidence interval; COPD, chronic obstructive pulmonary disease; FEV~1~, 1-second forced expiratory volume; FVC, forced vital capacity; Ref, reference category; SD, standard deviation.
